The considerable interest in tetrahydroquinolines and their derivatives is primarily due to the biological activity of tetrahydroquinolines themselves [1, 2] , as well as their remarkable reactivity and the variety of chemical transformations, which make these compounds convenient building blocks in the synthesis of other structures with high biological activity [3] . One method for the synthesis of tetrahydroquinoline systems is the cyclization of N,N-dialkyl-o-vinylanilines proceeding through a tert-amino effect mechanism [4] [5] [6] [7] .
We have already established that the cyclization of dialkyl-ortho-vinylanilines containing substituents in the β-and -positions relative to the nitrogen atom of the cyclic amino group proceeded with high stereo-and regioselectivity [9, 10] when using cyclic CH active compounds such as barbituric acids, Meldrum's acid, cyclohexanediones, and asymmetric 5-methyl-2-phenyl-2,4-dihydro-3H-pyrazol-3-one. In this case, the formation of the spiro-coupled 2,3,4,4a,5,6-hexahydro-6H-benzo[c]quinolizines with axial orientation of the hydrogen atoms at positions 3 (or 2 and 4 in the case of -substitution) and 4a was observed. On the other hand, the reaction with malononitrile produced a 1:1 mixture of two diastereomers [10] . The 1 H and 13 C NMR spectral data indicated the formation of predominantly one diastereomer also by cyclization of vinyl derivatives 3a-i using benzoylacetonitrile. The diastereoselective excess of the isolated products after crystallization from ethanol was not less than 80%.
The complete assignment of all the aliphatic and aromatic proton signals was accomplished by analysis of the 2D 1 H- 13 C HSQC and 1 H-13 C HMBC experiments. The H-4a proton in all the cyclization products was found in the axial position. The hydrogen atom at position 3 in compounds 4b-d,h and the protons at positions 2 and 4 in compound 4e were also axial. On the basis of our previous results [11] , we proposed that the nitrile group in the major reaction product was oriented axially, while the benzoyl group was equatorial; the reverse arrangement of these substituents was correspondingly found for the minor product. This hypothesis was confirmed by X-ray structural analysis for nitrile 4e (Fig. 1) . The H-2, H-4, and H-4a atoms were all axial. The equatorial benzoyl group was found in the cis position, while the axial nitrile group was in the trans position relative to these hydrogen atoms. The two methyl substituents of the piperidine fragment were oriented equatorially.
The formation of two diastereomers through cyclization of N,N-dialkyl-o-vinylanilines may be attributed to two possible reasons: either the formation of the two products occurred due to irreversible competing reactions or the cyclization was reversible, i.e., the thermodynamically more stable isomer was formed. In order to clarify this question, kinetic studies were carried out on the cyclization of 3-[2-(piperidin-1-yl)phenyl]-2-(phenylcarbonyl)prop-2-enenitrile (3a) using 1 H NMR spectroscopy. Figure 2 presents spectra characterizing the cyclization over time at 90°C in DMSO. The rate was monitored relative to the diminishing integral intensity of the vinyl group hydrogen singlet in the vicinity of 8 ppm. The accumulation of the cyclization products was monitored from the growth of the signals for tertiary amino group -CH protons in the vicinity of 4 ppm. These signals were broadened doublets with the following chemical shifts, , ppm: 4.22 for product 5 and 4.01 for product 4a (1-CHeq), and 4.16 for product 5 and 3.73 for product 4a (4a-CHax). The reaction followed a first-order kinetic equation relative to starting nitrile 3a. The rate constants were found as the mean values from three parallel experiments. The relative error at the 0.99 confidence level for determination of the rate constants and activation parameters did not exceed 5%. The observed rate constants and reaction half-lives are given in Table 1 . Figure 3 gives the dependence of the molar concentrations of the starting reagent 3a (curve 1), major product 4a (curve 3), and minor product 5 (curve 2) on elapsed time. The kinetic curves for the cyclization of 3-[2-(piperidin-1-yl)phenyl]-2-(phenylcarbonyl)prop-2-enenitrile (3a) clearly show that the ratio of the products varied over time (Fig. 4) . Thus, the conversion of nitrile 3a did not occur through irreversible parallel cyclization reactions, but rather by a reversible process. This hypothesis is in complete accord with the literature data [2] . 1 H NMR spectra characterizing the course of the nitrile 3a cyclization over time: a -spectrum of the starting compound, b -spectrum of the reaction mixture after 18 min, c -after 34 min, d -after 50 min, and e -after 66 min. On the basis of our kinetic results and literature data [2] , we propose that two products were formed, namely, a kinetic control product 5 and a thermodynamic control product 4a. The interconversion of these two isomers occurred under the reaction conditions through dipolar intermediate 6, obtained as a result of a [1, 5] hydride shift. This reaction predominantly yielded the thermodynamically preferred stereoisomer 4a.
A study of the cyclization at various temperatures permitted us to use the Eyring equation [12] to calculate the major activation parameters for this reaction: activation free energy G ≠ = 107±5 kJ/mol (at 298 K (25°C)) and 112.9±5.8 kJ/mol (at 363 K (90°C)), activation enthalpy H ≠ = 80.1±2.5 kJ/mol, activation entropy S ≠ = -90.2±7 J/(mol·K), and reaction activation energy E a = 83.1±2.5 kJ/mol. These values were quite comparable to the data of Groenen et al. [13] obtained in a study of [2-(pyrrolidinyl)(phenyl)methylidene]- -5 sec -1 at 60°C, 1.6·10 -4 sec -1 at 80°C, and 1.2·10 -3 sec -1 at 100°C, E a = 24.5±0.5 kcal/mol or 102.9±2/1 kJ/mol. These values were greater than those found for our reaction, although the cyclization to give spirocyclic analogs proceeded more readily [14] . 
EXPERIMENTAL
The IR spectra were recorded on a Bruker Alpha spectrophotometer. The 1 H, 19 F, and 13 C NMR spectra were acquired on a Bruker Avance II spectrometer at 400, 376, and 100 MHz, respectively with TMS as internal standard, at the Laboratory of Complex Investigation and Expert Evaluation of Organic Materials of The Collective Use Center of Ural Federal University. The electron impact mass spectra were acquired on a MAT II mass spectrometer at 70 eV. The melting points were measured on a Stuart SMP3 instrument and were not corrected. The elemental analysis was carried out on a PE 2400 Series II CHNS analyzer. Halogen content was determined by Schöniger combustion [15] . The reaction progress and purity of the products were monitored by thin-layer chromatography on Silufol UV-254 plates with 1:1 and 1:2 ethyl acetate-hexane as the eluent and visualization by UV light or iodine vapor. o-Dialkylaminobenzaldehydes 1a-i were obtained in 60-80% yield by nucleophilic substitution of the fluorine atom in 2-fluorobenzaldehydes with the corresponding cyclic dialkylamines according to our previous procedure [9] . A commercial sample of 2-fluorobenzaldehyde was obtained from Acros. (10) 
